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(54) Title: SELF-HUMIDIFYING FUEL CELL 




(57) Abstract 

A self-humidifying polymer electrolyte membrane (PEM) fuel cell assembly has an ion-exchange membrane (12) inteiposcd J«twccn 
hydrogen and oxygen diffusion layers (14. 16) to form a membrane electrode assembly (MEA) (10). The MEA (10) is m turn mterposed 
between a pair of cuirent collector plates (20. 22) having flow field channels (34. 36) for flowing the reactants adjacent flic respective 
diffusion layers to produce corresponding anodic and cathodic electrochemical reactions. Various embodunents of ttie assembly mcorporaic 
one or more of the following features: intenligitated flow field channels (34, 36). countercurrcnt rcactant flows, opposmg channel alignment, 
and uncatalyzed membrane hydration enhancement zones (82. 84). 
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5!iimmarv of the Invention 
It is an object of this invention to provide a polymer electrolyte membrane (PEM) 
fiiel cell capable of maintaining membrane hydration upon the introduction of at least one 
5 dry reactant stream into the cell. 

It is another object of this invention to provide a PEM fuel cell in which membrane 
hydration is maintained using water provided as a byproduct of electrochemical reactions 
within the fuel cell. 

It is a further object of this invention to provide a PEM fuel cell which does not 

10 require components dedicated to pre-humidification of reactant gas streams. 

These and other objects of the invention are achieved by the PEM fuel cell assembly 
of the present invention. A self-humidifying polymer electrolyte membrane (PEM) fuel 
cell has a membrane electrode assembly (MEA), comprising an ion-exchange membrane 
interposed between catalyzed anode and cathode electrodes. The MEA is interposed 

15 between a pair of gas diffusion backings, iand the resulting structure is interposed between 
fuel and oxidant flow field plates. The fuel flow field plate has a fuel stream inlet, a fuel 
stream outlet, and means for flowing the fuel stream therebetween. The oxidant flow field 
plate has an oxidant stream inlet, an oxidant stream outlet, and means for flowmg the 
oxidant stream therebetween. 

20 In the preferred embodiment of the invention, fuel and oxidant flows are 

strategically directed to enhance the transfer of water byproduct, through the ion exchange 
membrane, between opposing gas streams. Dry fuel and oxidant streams are introduced 
into respective fiiel and oxidant inlets. The corresponding flow field plate channels are 
oriented such that dry portions of reactant stream adjacent to one surface of the membrane 

25 generally oppose hydrated portions of reactant stream on the opposite surface of the 
membrane. In this embodiment, membrane hydration is maximized by providing 
countercurrent reactant flows. In other words, the reactant gases are directed in generally 
opposing directions through the fuel cell. Preferably, opposing channel lengths having 
disparate humidification levels are aligned to provide an increased humidification gradient 

30 therebetween, resulting in enhanced mass transfer of water across the membrane in the 
direction of the less humidified reactant stream. Channel alignment also minimizes the 
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Brief Description of the Drawings 

Fig. 1 is an exploded view of a PEM fiiel cell assembly in accordance with the 
present invention; 

5 Fig. 2 is a cross-sectional view of a PEM fuel cell assembly having interdigitated 

flow field channels in accordance with a preferred embodiment of the present invention; 

Fig. 3 is a front view of a field flow plate having an interdigitated reactant flow 
channel design in accordance with a preferred embodiment of the present invention; 

Fig. 4 is a schematic of a preferred fuel cell assembly in which opposing collector 
10 plate channels are shown superimposed on one another; 

Fig. 5 is a schematic of a fuel cell assembly having membrane hydration 
enhancement zones in accordance with an alternate embodiment of the present invention; 

Fig. 6 is a schematic of a fuel cell assembly having membrane hydration 
enhancement zones in accordance with a further embodiment of the present invention; 
15 Fig. 7 is a schematic of a fuel cell assembly incorporating double-interdigitated flow 

field channels, in which opposing collector plate channels are shown superimposed on one 
another, in accordance with an alternate embodiment of the invention; 

Fig. 8 is a graph illustrating the effect of air flow rate and humidification level on 
the performance of a fuel cell assembly constructed in accordance with the present 
20 invention; 

Fig. 9 is a graph illustrating the effect of humidification level on the performance of 
a fuel cell assembly constructed in accordance with the present invention. 
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interdigitated flow channels on the cathode (oxidant) side operate in a similar manner. As 
a result of the enhanced electrochemical reactions, the production rate of water byproduct 
at the cathode is increased. A portion of the additional water produced at the cathode back- 
diffuses through the membrane toward the anode. Consequently, the availability of water 
5 at the anode is also increased when interdigitated channels are used. 

Referring briefly to FIG. 3, a front view of flow field plate 20 is depicted to 
illustrate a unique interdigitated flow field pattern in accordance with the prefened 
embodunent of the present invention. Conventional interdigitated designs typically employ 
a plurality of flow channels branching off from a main flow channel, e.g., see U.S. Pat. 

10 No. 5,641,586 to Wilson. In contrast, the present invention employs non-overlapping flow 
channels 34, 36 each extending from a reactant stream port 30, 32. The interdigitated flow 
pattern of the present invention results in more uniform fluid flow distribution, reduced 
channel moisture retention, and decreased channel pressure drop. Consequently, more 
uniform electrical current density is achieved across the fuel cell. 

15 Referring now to FIG. 4, the fuel and oxidant flow field plate channels are shown 

superimposed for the purpose of discussion. In the preferred embodiment of the present 
invention, the fuel and oxidant flow fields are oriented to achieve countercurrent fuel and 
oxidant flow streams. In other words, the fuel and oxidant streams flow in generally 
opposed directions across the fuel cell assembly. The water content of both the fuel and 

20 oxidant streams increases in the flow direction of the respective reactant through the fuel 
cell. Therefore, by employing a countercurrent flow arrangement, the region of the anode 
layer with the highest water content substantially coincides with the region of the cathode 
layer having the lowest water content, and vice versa. As a result, countercurrent reactant 
flow streams result in more uniform hydration of the ion-exchange membrane. 

25 Fuel and oxidant inlet ports are denoted by reference numerals 30 and 42, 

respectively. Fuel and oxidant outlet ports are denoted by reference numerals 32 and 40, 
respectively. The horizontal lengths of the corresponding fiiel and oxidant channels are 
shown slightly offset from one another in a vertical direction for illustrative purposes; 
although such an arrangement is possible, it is not preferred. Preferably, the horizontal 

30 lengths of fuel inlet channels 34 and oxidant outlet channels 44, and the horizontal lengths 
of oxidant inlet channels 46 and fiiel outlet channels 36, overlie one another when viewed 
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membrane. This results in both local membrane hydration and increased humidification of 
the reactant stream flowing on the opposite side of the membrane. Lateral absorption of 
water through the membrane results in increased hydration of catalyzed regions of the 
membrane as well. 

5 Membrane hydration is furdier enhanced by the lack of electrochemical reactions in 

these hydration enhancement zones. As previously described, the fuel cell electrochemical 
reactions at the respective electrodes are initiated by catalyst layers at the 
membrane/diffusion layer interfaces. The heat produced by these electrochemical reactions 
tends to dry the membrane locally. However, absent a catalyst, the gas reactants flow 

10 without producing these exothermic electrochemical reactions. The reduced membrane 
temperatures decrease local membrane dehydration. 

Preferably, uncatalyzed areas 82 and 84 are strategically located proximate to 
reactant flow inlet and outlet areas on opposite sides of catalyzed area 80. Since reactant 
humidification typically increases in the reactant flow direction, the lowest reactant 

15 humidification levels typically occur near the reactant channel inlets, and the highest 

reactant humidification levels typically occur near the reactant channel outlets. At least a 
portion of the humidified outlet channel lengths are routed through the humidification zones 
82, 84, hydrating the membrane locally through absorption of reactant stream water . Inlet 
channels carrying dry reactant gas are routed through the humidification zones 82, 84 on 

20 the opposite side of the membrane. The humidification gradient across the membrane, 

caused by the opposing dry and humidified reactant streams, results in the transfer of water 
absorbed by the membrane to the respective dry inlet gas streams. 

Humidification zones may be created by utilizing an ion-exchange membrane with 
integrally attached electrodes that maintain uncatalyzed regions. Alternatively, 

25 humidification zones may be created by providmg a diffusion layer having both catalyzed 
and uncatalyzed areas. In some instances, it may be deshrable to further treat the diffusion 
layer such that the catalyzed areas are hydrophobic, and the uncatalyzed areas, 
corresponding to humidification zones, are hydrophilic. This is easily accomplished by 
selectively coating the diffusion layer with a hydrophobic material such as Teflon®. 

30 Alternatively, humidification zones can comprise an ion-exchange membrane directly 

interposed between opposing flow field plates, where one or both sides of the membrane 
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convection, from inlet channels 52. through intermediate channels 54. to ouUet channels . 
56. As a result of the double convection, both reactant and water vapor are more evenly 
distributed during transport across the polymer electrolyte membrane. This embodunent 
may further incorporate features of previously described embodiments, e.g.. countercurrent 

5 reactant flow, superposed channels, etc. 

While the preferred embodiments of the invention have been illustrated and 
described, it will be clear that the mvention is not so limited. Numerous modifications, 
changes, variations, substitutions and equivalents wiU occur to those skilled in the art 
without departing from the spirit and scope of the present invention as described in the 

10 claims. 



12 



wo 00/17952 PCT/US99/21411 

flowing an oxidant stream both comprise interdigitated inlet and outlet flow field channels, 
said oxidant inlet channels and fuel outlet channels, and said oxidant outlet channels and 
fuel inlet channels, at least partially superposed across said ion-exchange membrane to 
enhance channel-to-channel water transfer across said membrane. 

5 

6. A self-humidifymg polymer electrolyte membrane (PEM) fuel cell assembly as 
recited in claim 1. fiirther comprising at least one membrane hydration enhancement zone. 

7. A self-humidifying polymer electrolyte membrane (PEM) fuel cell assembly as 
10 recited in claim 6, wherein said at least one membrane hydration enhancement zone 

comprises an uncatalyzed area of said membrane interposed between gas diffusion layers. 

8. A self-humidifying polymer electrolyte membrane (PEM) fuel cell assembly as 
recited in claim 7, wherein at least one of said gas diffusion layers is hydrophilic. 

15 

9. A self-humidifying polymer electrolyte membrane (PEM) fuel cell assembly as 
recited in claim 6. wherein at least one surface of said membrane is directly adjacent to a 
flow field plate surface. 

20 10. A self-humidifying polymer electrolyte membrane (PEM) fuel cell assembly as 

recited in claim 6, wherein said at least one membrane hydration enhancement zone 
comprises a plurality of membrane hydration zones dispersed throughout said fuel cell 
assembly. 

25 1 1 . A self-humidifymg polymer electrolyte membrane (PEM) fuel cell assembly as 

recited in claim 6, wherein said at least one membrane hydration enhancement zone 
comprises deionized water and gas reactant streams directed over opposite sides of said 
ion-exchange membrane. 
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18. A self-humidifying polymer electrolyte membrane (PEM) ftiel cell assembly as 
recited in claim 16. wherein said fuel and oxidant reactants flows have countercurrent flow 
directions through said membrane hydration enhancement zone. 

5 19. A self-humidifying polymer electrolyte membrane (PEM) fuel cell assembly as 

recited in claim 14. wherein at least one of said means for flowing reactant comprises 
interdigitated flow field channels, 

20. A self-humidifying polymer electrolyte membrane (PEM) fuel cell assembly as 
10 recited in claim 14. wherein at least one of said means for flowing reactant comprises 

double-interdigitated flow field channels. 

21. A method for maintaining membrane hydration in a polymer electrolyte 
membrane (PEM) fuel cell, the fiiel cell having a membrane electrode assembly (MEA) 

15 interposed between gas diffusion layers, the gas diffusion layers interposed between fuel 
and oxidant flow field plates, the method comprising the steps of: 

introducing fuel and oxidant reactants into said fuel cell through respective fuel and 
oxidant inlets, at least one of said reactants introduced in a dry. nonhumidified state; 

communicating said fuel and oxidant reactants through respective fuel and oxidant 
20 flow field channels; and 

exhausting said reactants through fuel and oxidant outlets. 

22. A method as recited in claim 21, further comprising, prior to the step of 
exhausting, the step of directing at least one of said reactants through a membrane 

25 hydration enhancement zone. 

23. A method as recited in claim 21, wherein said reactants are communicated m 
countercurrent directions through said fuel and oxidant flow field channels. 

30 24. A method as recited in claim 22, wherein said reactants are communicated in 

countercurrent directions through said fuel and oxidant flow field channels. 
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